Attorney Docket No. 36856.1106 
PHOTOMAGNETIC FIELD SENSOR 
BACKGROUND OF THE INVENTION 

1 . Field of the Invention 

Recently, photo magnetic field sensors using magneto- 
optical materials have been very attractive in the electric 
power fields for use as sensors for detecting abnormal currents 
flowing in electric energy transmission lines which may be 
caused by lightning or other occurrence. A photo magnetic 
sensor detects a magnetic field generated around an electric 
energy transmission line using the Faraday effect which is a 
magneto-optical effect. That is, the photo magnetic sensor 
functions using the change of a Faraday rotational angle of the 
Faraday rotator which depends on the strength of a magnetic 
field. This will be more specifically described. As generally 
known, when a laser beam is irradiated to a Faraday rotator 
having the Faraday effect so that a magnetic field is generated 
in the propagation direction of the laser beam, the polarization 
plane of the incident laser beam is rotated in proportion to the 
strength of the magnetic field. Based on this effect, polarizer 
having different polarization planes are arranged along the 
propagation direction of a laser beam and before and after the 
Faraday rotator. Thus, a difference is caused between the 
light-quantity of the laser beam incident on the Faraday rotator 
passed through one of the polarizer and the light-quantity of 
the laser beam passed through the Faraday rotator and emerging 
from the other polarizer. The intensity of an abnormal current 
can be determined by detection of the difference between the 
light- quantities by means of a light-sensing element. 

The sensitivity of the photo magnetic sensor using the 
Faraday effect as described above is high. The photo magnetic 
field sensor can be reduced in size and weight. In addition, 
the explosion-proofing property is excellent since light is used 
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as a medium. The sensor can be remote-controlled. Moreover, 
the photo magnetic field sensor, which uses optical fibers for 
propagation of a light, is superior in prevention of 
electromagnetic induction, anti-noise property, and insulating 
property. Thus, the photo magnetic field sensor has such 
superior properties that can not be rendered by an electricity- 
type magnetic sensor. 

Referring to the properties of a magnetic material which 
forms the Faraday rotator for use in a photo magnetic sensor, it 
is necessary for the magnetic material to have a high Verder 
constant (V: (deg/ (Oe-cm) ) . The Verdet constant means a Faraday 
rotational angle per unit length of the rotator and unit 
magnetic field applied thereto. The Verdet constant is 
expressed by formula of 9= VHd in which 9 is a Faraday 
rotational angle, i.e., the rational angle of a polarized light, 
d is a movement distance of the light transmitted through the 
Faraday rotator, and H is the strength of a magnetic field 
applied to the Faraday rotator. As seen in this formula, the 
larger the Verdet constant is, the larger the Faraday rotational 
angle is. As a result, the change-ratio of the Faraday 
rotational angle is increased with the change of the magnetic 
field strength. The difference between the light quantities of 
the incident and emerging light of the laser beam becomes large. 
Thus, a photo magnetic sensor having a higher sensitivity can be 
provided. 

As a magnetic material which provides the above-described 
properties, a single crystal of yttrium iron garnet (YsFesOia: 
hereinafter, referred to as YIG briefly) which is a 
ferromagnetic material has been used as described in Japanese 
Unexamined Patent Application Publication No. 5-72307, pages 3 
and 4) . The Verdet constant of the YIG single crystal is high, 
i.e. , 1 . 5x1 0 deg / (0 em) . Thus, advantageously, this single 
crystal can realize the production of a photo magnetic sensor 
with a high sensitivity. 
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However, the YIG single crystal described in Japanese 
Unexamined Patent Application Publication No. 5-72307 has a 
problem in that the Faraday rotational angle becomes 
magnetically saturated, and in particular, the Faraday 
rotational angle is increased in the magnetic field strength 
range of up to a predetermined value, and becomes constant in 
the range exceeding the predetermined value. Therefore, a photo 
magnetic field sensor for detecting a large current, which uses 
the YIG single crystal as the Faraday rotator, has a problem in 
that the current can not be correctly detected. Moreover, 
through the YIG single crystal, only a light having a wave- 
length in the infrared ray region of 1100 nm to 5000 nm can be 
transmitted. Thus, plastic fibers which are applicable in the 
visible light region of 500 nm to 650 nm can not be used for the 
photo magnetic field sensor. Thus, problematically, the 
production cost of the magnetic field sensor is high. 

SUMMARY OF THE INVENTION 
In order to overcome the problems described above, 
preferred embodiments of the present invention provide a photo 
magnetic field sensor which exhibits a high sensitivity even 
when a large current flows, i.e., the magnetic field strength is 
high, and senses a magnetic field by using a light with a 
wavelength in the visible light region of about 500 nm to about 
650 nm. 

According to a preferred embodiment of the present 
invention, a photo magnetic field sensor includes a Faraday 
rotator formed of a paramagnetic material, a polarizer, an 
analyzer, a light-irradiating element, and a light-sensing 
element, the Faraday rotator being made of a paramagnetic 
material being made of a paramagnetic garnet single crystal 
including at least Tb and Al . 

The inventors of the present invention have discovered that 
a terbium-aluminum type paramagnetic garnet including Tb and Al 
(Tb3Al50i2; hereinafter, referred to as TAG briefly) is suitable 
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for use as a Faraday rotator which has a high Verdet constant, 
of which the Faraday rotational angle is prevented from being 
saturated, and through which a light having a wavelength in a 
visible light region of about 500 nm to about 650 nm can be 
transmitted, and has realized the use of the TAG single crystal 
as the Faraday rotator of a photo magnetic field sensor. More 
specifically, the TAG single crystal is a decomposition-melting 
type compound. Thus, the TAG single crystal composed of a 
garnet phase can not be produced directly from the molten 
composition of a starting material. That is, a problem is 
caused in that TbAlOa composed of a perovskite phase is 
incorporated in the TAG single crystal. However, as a result of 
the intensive investigation by the inventors of the present 
application, they have succeeded in producing a TAG single 
crystal suitable for use in a photo magnetic field sensor by 
applying a strong light energy to a molten phase using a CO2 gas 
laser. When a photo magnetic field sensor including a Faraday 
rotator formed of the TAG single crystal is used, the Faraday 
rotational angle is prevented from being saturated, the 
sensitivity is high even when a large current flows, and 
moreover, a magnetic field can be sensed by use of a light 
having a wavelength in a visible light region of about 500 nm to 
about 650 nm. 

Preferably, the photo magnetic field sensor includes a 
Faraday rotator made of a paramagnetic material, a polarizer, an 
analyzer, a light-irradiating element, and a light-sensing 
element, the Faraday rotator formed of a paramagnetic material 
having a columnar shape in which the diameter A (mm) of the 
column of the Faraday rotator and the distance B (mm) between 
one end of the Faraday rotator and the other end thereof satisfy 
the formulae of 0 < A < 2 and 1< B/A < 10. When the Faraday 
rotator having the above-described shape is used, the length 
between one end of the Faraday rotator and the other end thereof, 
i.e., the movement distance of a light which is transmitted 
through the Faraday rotator is large. Accordingly, the Faraday 
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rotational angle of the Faraday rotator can be increased, and 
thereby, the sensitivity of the photo magnetic field sensor is 
further improved. In addition, in the Faraday rotator of which 
the distance between one end and the other end is large, the 
demagnetizing field in the Faraday rotator can be reduced. In 
particular, the Faraday rotator is preferably made of a magnetic 
material. When a magnetic field is externally applied to the 
Faraday rotator, a magnetic field (demagnetizing field) is 
generated in the direction reverse to that of the external 
magnetic field. Practically, the magnetic field component that 
is substantially equal to the difference between the external 
magnetic field and the demagnetizing field is detected. That is, 
problematically, the sensitivity is deteriorated. Thus, 
according to preferred embodiments of the present invention, 
affects of the demagnetizing field, which occurs in the Faraday 
rotator, can be suppressed by increasing the distance between 
one end of the Faraday rotator and the other end thereof. 

Preferably, the Faraday rotator of the photo magnetic field 
sensor is preferably made of a paramagnetic garnet single 
crystal including at least Tb, Al , and one or both of Ce and Pr. 
When this Faraday rotator is used, the Verdet constant is even 
more increased, so that the Faraday rotational angle can be 
further increased. As a result, a photo magnetic field sensor 
having a high sensitivity can be provided. 

Other features, elements, characteristics and advantages of 
the present invention will become more apparent from the 
following detailed description of preferred embodiments thereof 
with reference to the attached figures. 

BRIEF DESCRIPTION OF THE DRAWINGS 
Fig. 1 schematically illustrates the configuration of a 
photo magnetic field sensor according to a preferred embodiment 
of the present invention; 
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Fig. 2 schematically illustrates the configuration of a 
photo magnetic field sensor according to another preferred 

embodiment of the present invention; 

Fig. 3 is a graph showing a relationship between the angle 
of the polarizer to the analyzer and the quantity of light 
passed through the polarizer and the analyzer; 

Fig. 4 is a graph showing a magnetic field-time 
characteristic of the photo magnetic field sensors of Examples 1 
to 3 and Comparative Examples 1 to 3; 

Fig. 5 is a graph showing a light-quantity-time 
characteristic of the photo magnetic field sensor of Example 1 ; 

Fig. 6 is a graph showing a light-quantity-time 
characteristic of the photo magnetic field sensor of Example 2; 

Fig. 7 is a graph showing a light-quantity-time 
characteristic of the photo magnetic field sensor of Example 3; 

Fig. 8 is a graph showing a light-quantity- time 
characteristic of the photo magnetic field sensor of Comparative 
Example 1 ; 

Fig, 9 is a graph showing a light-quantity-time 
characteristic of the photo magnetic field sensor of Comparative 
Example 2 ; and 

Fig. 1 0 is a graph showing a light-quantity-time 
characteristic of the photo magnetic field sensor of Comparative 
Example 3 . 

DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS 
Hereinafter, a preferred embodiment of the present 
invention will be described with reference to Fig. 1 . It should 
be noted that the term "optical axis" has a general meaning 
indicating a propagation path of a light. Moreover, the term 
"incidence of a light" means that the light, irradiated from a 
light source, falls on the photo magnetic field sensor. The 
term "emergence of a light" means that the light emerges from 
the photo magnetic field sensor. Fig, 1 is a schematic view of 
the configuration of the photo magnetic field sensor according 
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to a preferred embodiment of the present invention. The photo 
magnetic field sensor 1 preferably includes a Faraday rotator 2, 
a polarizer 3, an analyzer 4, a light-irradiating element 5, and 
a light-sensing element 5. 

In particular, the polarizer 3 is provided on the incidence 
side of the Faraday rotator 2. The analyzer 4 is arranged on 
the emergence side of the Faraday rotator 2 and along the 
optical axis substantially parallel to the Faraday rotator 2. 
The polarizer 3 and the analyzer 4 are arranged such that the 
optical axis extended through the Faraday rotator 2 passes 
through the polarization planes of the polarizer 3 and the 
analyzer 4, and the respective polarization planes are vertical 
to the optical axis. The light-irradiating element 5 is 
arranged such that a light can be made to fall on the polarizer 
3. In particular, the light-irradiating element 5 is not 
necessarily disposed along the optical axis passed through the 
Faraday rotator 2. An optical path may be changed. For example, 
a total reflecting mirror 7a may be provided between the light- 
irradiating element 5 and the polarizer 3, so that a light is 
reflected. Thus, the size of the photo magnetic field sensor 1 
can be reduced by providing the total reflecting mirror 7a 
between the light -irradiating element 5 and the polarizer 3. 
Moreover, a total reflecting mirror 7b may be provided between 
the analyzer 4 and the light-sensing element 6 for the same 
reason with respect to the total reflecting mirror 7a which is 
provided between the light -irradiating element 5 and the 
polarizer 3. Furthermore, collective lenses 8a and 8b can be 
provided between the total reflecting mirror 7a and the 
polarizer 3 and between the total reflecting mirror 7b and the 
analyzer 4, respectively. The collective lens 8a, provided as 
described above, can cause the light to efficiently fall on the 
Faraday rotator 2, Moreover, the collective lens 8b, provided 
as described above, can cause the light to be efficiently fed to 
the light-sensing element 6. 
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The Faraday rotator 2 used here is preferably formed of a 
terbium- aluminum type paramagnetic garnet single crystal 
containing at least Tb and Al . Specifically, TbaAlsOia or 
TbsAlsOia of which a Tb site is substituted by a rare earth 
element such as Ce, Pr, Dy, Ho, Er, and Tm may be used. TbsAlsOia 
is preferable from the standpoint of a high Verdet constant and 
an appropriate light transmittance in a visible light region of 
about 400 nm to about 650 nm. The TAG single crystal of which a 
Tb site is substituted by at least one of Ce and Pr is more 
preferable. It has been found that the Verdet constant of the 
TAG single crystal is high, since an absorption end, which 
contributes to the increased Faraday effect, exists in the near 
ultraviolet light region. Thereby, the Faraday rotational angle 
becomes large, and hence, the sensitivity of the photo magnetic 
field sensor 1 is greatly improved. 

Referring to the shape and size of the Faraday rotator 2, 
rod-, thin-sheet-, and thin-film shapes can be used. A columnar 
shape is preferable. The obtained single crystal, having a 
columnar shape, can be easily processed. Moreover, a magnetic 
field, derived from a current, tends to be uniformly applied to 
the inside of the Farady rotator 2. 

Moreover, the size of the Faraday rotator 2 may be set, 
based on the type of an objective sensor and the Verdet constant 
of a TAG type single crystal which constitutes the Faraday 
rotator 2. Preferably, the diameter A (mm) of the column of the 
Faraday rotator 2 and the distance B (mm) between one end of the 
Faraday rotator 2 and the other end thereof satisfy the formulae 
of 0 < A < 2 and 1 < B/A < 10. It should be noted that the ends 
of the Faraday rotator 2 are defined as the surfaces thereof 
that are substantially perpendicular to the optical axis which a 
light falls on and emerges from, respectively. According to 
this configuration, the Faraday rotational angle can be 
increased, and hence, the sensitivity of the photo magnetic 
field sensor 1 can be greatly improved. If the diameter A 
exceeds 2, a problem will be caused in that an external magnetic 
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field is not uniformly applied to the inside of the Faraday 
rotator 2. Moreover, if the ratio B/A is less than 1, 
undesirably, the demagnetizing field is increased because of the 

small distance between the one end of the Faraday rotator and 
the other end thereof. Furthermore, if the ratio B/A exceeds 10, 
undesirably, the light transmittance is reduced because of the 
large distance over which a light moves through the Faraday 
rotator 2. 

The planes of incidence and emergence of the polarizer 3 
and the analyzer 4 are substantially perpendicular to the 
optical axis passed through the Faraday rotator 2. The 
polarizer 3 and the analyzer 4 are disposed before and after the 
Faraday rotator 2, respectively, and preferably, are arranged in 
such a manner that the polarization plane of the polarizer 3 has 
an angle of about 45^ relative to that of the analyzer 4. This 
relationship between the polarizer 3 and the analyzer 4 will be 
described with reference to Fig. 3. In Fig. 3, the angle 
between the polarization planes of the polarizer 3 and the 
analyzer 4 is plotted as abscissa. The quantity of a light 
emerging from the analyzer 4 is plotted as ordinate. A 
tangential line is drawn on the curve at each angle. The slope 
of each tangential line represents the transmittance of the 
light -quantity . As seen in Fig. 3, the variation of a magnetic 
field can be most efficiently converted to the light quantity 
which can be transmitted at an angle of about 452. a stretched- 
oriented polymer or a single crystal polarizer formed of rutile, 
calcite (CaCOa) , or other suitable material can be used as the 
polarizer 3 and the analyzer 4. Moreover, a plurality of 
metallic thin wires arranged substantially parallel to each 
other in a predetermined direction to have a sheet -shape may be 
used. 

As the light- irradiating element 5, a ruby laser, an He - 
Ne laser, an Ar laser, an He-Cd laser, an InGaN semiconductor 
laser, or other suitable material may be used. However, the 
light-irradiating element 5 is not limited onto these lasers. 



Of these lasers, the He-Ne laser, of which the wavelength is 
about 633 nm, can operate in the visible light region. Also, 
since the wavelength is near the wavelength region of a plastic 
fiber, the He-Ne laser can be preferably used. Preferably, a 
photodetector is used as the light-sensing element 6. In 
addition, a receiving optics formed of Si, InGaAs, or other 
suitable material may be used. These devices are not 
restrictive . 

Preferably, the reflection plane of each of the total 
reflecting mirrors 7a and 7b is arranged at an angle of about 
45- relative to an incident light and also to the optical axis 
of the Faraday rotator 2. With this configuration, any incident 
light is propagated toward the center of the Faraday rotator 2, 
even if the light source is not arranged along the optical axis 
of the Faraday rotator 2. Thus, the strength of a magnetic 
field can be more correctly sensed. Preferably, the total 
reflecting mirrors 7a and 7b are formed of Al, Au, or other 
suitable material. Especially, Al is preferable. Al is a 
material having a highest reflectivity for a visible light, and 
hence, can reduce the loss of light energy as much as possible. 

Moreover, the collective lens 8a is arranged in such a 
manner that the beam waist is passed through the center of the 
Faraday rotator 2. With this arrangement, a light can fall on 
the Faraday rotator 2 most efficiently. As the collective 
lenses 8a and 8b, bi-convex lenses, ball lenses, and other such 
devices can be used. However, these lenses are not restrictive. 

Hereinafter, the function of the photo magnetic field 
sensor will be described, assuming 'that an impeller is arranged 
which has a permanent magnet attached thereto to generate a 
magnetic field on the side of the Faraday rotator, and the 
magnetic field is applied substantially parallel to the optical 
axis of the Faraday rotator. First, a light, irradiated from 
the light-irradiating element 5, is reflected from the total 
reflecting mirror 7a to be deflected by an angle of about 902, 
so that the reflected light becomes substantially parallel to 
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the optical axis passing the Faraday rotator 2. The reflected 
light is collected by the collective lens 8a. Then, the light, 
passed through the polarizer 3 to have the polarization plane as 
the polarizer 3, falls on the Faraday rotator 2. In this case, 
a magnetic field is applied substantially parallel to the 
optical axis passing the center of the Faraday rotator 2. 
Thereby, the polarization plane of the light entering the 
Faraday rotator 2 is rotated with respect to the propagation 
direction of the light in the Faraday rotator 2 by an angle 
substantially equal to the Faraday rotational angle, due to the 
Faraday effect. Of the light which has emerged from the Faraday 
rotator 2, only the portion thereof that has the same 
polarization plane as the analyzer 4 is passed through the 
analyzer 4 to emerge from the analyzer 4. The light, which has 
emerged from the analyzer 4, is increased in width, and is 
passed through the collective lens 8a. Then, the light is 
reflected on the total reflecting mirror 7b to deflect by an 
angle of about 90e relative to the optical axis. The quantity 
of the reflected light is sensed by the light-sensing element 5. 

Hereinafter, another preferred embodiment of the present 
invention will be descried with reference to Fig. 2. Fig. 2 
schematically illustrates the configuration of a photo magnetic 
field sensor according to another preferred embodiment of the 
present invention. The photo magnetic field sensor 11 includes 
a Faraday rotator 12, a polarizer 13, a light-irradiating 
element 15, a light- sensing element 16, a total reflecting 
mirror 17, a collective lens 18, and a polarizing prism 19. In 
this preferred embodiment, the polarizer 13 is provided on one 
end surface of the Faraday rotator 12 which is on the incidence 
side of the Faraday rotator 12. The total reflecting mirror 17 
is formed, preferably by vapor deposition, on the other end 
surface of the Faraday rotator 12. The polarizing prism 19 and 
the collective lens 18 are arranged along the optical axis 
between the light-irradiating element 15 and the Faraday rotator 
12. According to this configuration, the number of components 
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of the photo magnetic field sensor can be reduced compared to 
that of the preferred embodiment shown in Fig. 1 . Thus, the 
photo magnetic field sensor 11 having a smaller size can be 
provided. 

In this preferred embodiment, the Faraday rotator 12, the 
polarizer 13, the total reflecting mirror 17, and the collective 
lens 1 8 may be the same as those of the preferred embodiment 
shown in Fig. 1. The polarizing prism 1 9 is arranged in such a 
manner that a light incident on the polarizing prism 1 9 is 
rectilinearly propagated, while the light reflected from the 
total reflecting mirror 17 is reflected from the polarizing 
prism 1 9 at a right angle to the incident light on the 
polarizing prism 19. With this arrangement, the light incident 
on the polarizing prism 19 can be separated from the light 
reflected from the total reflecting mirror 17 and incident on 
the polarizing prism 19. Therefore, the light quantity can be 
correctly determined. As the polarizing prism 19, calcite or 
other suitable material may be used. 

Hereinafter, the function of the photo magnetic field 
sensor 1 1 according to the present preferred embodiment of the 
present invention, shown in Fig. 2, will be described. In this 
case, it is assumed that an impeller having a permanent magnet 
for generating a magnetic field on the side of the Faraday 
rotator is arranged, and the magnetic field is applied 
substantially parallel to the optical axis of the Faraday 
rotator. In this case, a light irradiated from light- 
irradiating element 1 5 is passed through the polarizing prism 1 9 
substantially parallel to the optical axis. The light passed 
through the polarizing prism 1 9 is collected via the collective 
lens 18, and falls on the Faraday rotator 12 having the 
polarizer 13 provided therewith. In this case, the light having 
the same polarization plane as the polarizer 1 3 is passed 
through the polarizer 13, and the polarization plane is rotated 
by an angle equal to the Faraday rotational angle in the Faraday 
rotator 12. The light having the rotated polarization plane is 
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reflected from the total reflecting mirror 1 7 which is formed on 
the other end surface of the Faraday rotator 12, by an angle of 
about 1802 to the incident light on the total reflecting mirror 
17. Then-, the reflected light is transmitted through the 
Faraday rotator 2 again. In this case, the magnetic field is 
applied to the light reflected from the total reflecting mirror 
17 in the direction reverse to that of the magnetic field 
applied to the light transmitted there from the incidence side, 
and also, the anti-reciprocity of the Faraday effect is applied 
so that the polarization plane is rotated by an angle equal to 
the Faraday rotational angle with respect to the optical axis of 
the light transmitted there from the incidence side. Then, the 
reflection light having the same polarization plane of the 
polarizer 13 emerges from the polarizer 13. The beam-width of 
the light which has emerged from the polarizer 13 is increased 
and passed through the collective lens 18 again. Then, the 
light becomes a rectilinear light and falls on the polarizing 
prism 19. The light incident on the polarizing prism 19 is 
reflected in the direction that is substantially perpendicular 
to the optical axis. Then, the light-quantity is detected by 
the light-sensing element 16. 

Example 1 

Hereinafter, a preferred embodiment of the present 
invention will be more specifically described. 
1 . Preparation of TAG Single Crystal 

First, Tb407 (purity; 99.9%) and AI2O3 (purity; 99.99%) are 
prepared as starting materials for a paramagnetic garnet 
polycrystal, and are weighed out to form Tb3Al50i2. The mixing 
amounts and the composition may be changed, depending on a 
required Verdet constant. Then, refined water is added to the 
mixed powder of the prepared starting materials and mixed 
together with balls for about 24 hours. After water is removed 
from the mixed powder, the powder is dried by a drier. The 
dried power is sieved through a mesh sieve for adjustment of the 
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grain size of the mixed powder and calcinated at about 1 2002C 
for approximately 2 hours in an electric furnace. After the 
calcinated mixed powder is crushed, an organic binder and a 
solvent are added to the mixed powder and mixed together with 
balls for several hours. Thus, a slurry-like mixture is 
obtained. The mixture is formed into a columnar shape by a 
molding machine and then, fired at about 16002c for 
approximately 2 hours in an electric furnace. Thus, a columnar 
TAG polycrystal is obtained. Then, the columnar TAG polycrystal 
and a TAG single crystal as a seed crystal are prepared and set 
in a CO2 laser FZ (floating zone) apparatus. A CO2 laser beam is 
irradiated in an atmospheric ambience to heat and melt the end- 
portion of the TAG polycrystal. Then, the end-portion of the 
TAG polycrystal and the end-portion of the seed crystal are 
joined to each other. Subsequently, a CO2 laser beam is 
irradiated to the joint portion of the end-portions of the TAG 
polycrystal and the seed crystal, and also, the TAG polycrystal 
is further heated to be melted. The produced molten material is 
cooled to produce a TAG single crystal. 

2. Preparation of Photo magnetic Field Sensor 
The Faraday rotator prepared as described above is 
processed to form a column having a length of about 1mm and a 
diameter in cross-section of about 1 mm. The ratio (B/A) of the 
length (B) between both of the ends of the Faraday rotator based 
on the diameter (A) thereof is 1 , A polarizer and an analyzer 
each formed of rutile, and two collective lenses formed of 
synthetic quartz are prepared. The collective lens, the 
polarizer, the Faraday rotator, the analyzer, and the collective 
lens are arranged along the optical axis in that order from the 
incidence side of a light. Total reflecting lenses are provided 
between the light-irradiating element and the collective lens 
and between a photodetector as the light-sensing element and the 
collective lens, respectively. The light-irradiating element is 
positioned in such a manner that a light irradiated from the 
light-irradiating element is reflected from the total reflecting 
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mirror by an angle of about 90^ relative to the incident light, 
and becomes substantially parallel to the Faraday rotator. The 
light-sensing element is arranged so as to detect the light 
which is passed through the Faraday rotator and reflected from 
the total reflecting mirror by an angle of about 90^ relative to 
the incident light on the mirror. Thus, a photo magnetic field 
sensor having the configuration shown in Fig. 1 is formed, and 
is taken as Example 1 . 

In addition to the photo magnetic field sensor of Example 1 
having the above-described configuration, the following photo 
magnetic field sensors of Examples 2 and 3 and Comparative 
Examples 1 to 3 are prepared. 

Example 2 

A photo magnetic field sensor having the same constitution 

as that of Example 1 except that a TAG type single crystal 

having formula of (Tb2.8Ceo.2) AI5O12 is used for the Faraday 

rotator is produced, and is taken as Example 2 (it should be 
noted that a TAG type single crystal having a portion of the Tb 

substituted by Ce is suitable for use in a visible light region 
of about 525 nm to about 680 nm) . 

Example 3 

A photo magnetic field sensor having the same -constitution 
as that of Example 1 except that a TAG type single crystal 
having formula of (Tb2.8Pi^o.2) AI5O12 is used for the Faraday 
rotator is produced, and is taken as Example 3. 

Comparative Example- 1 

A photo magnetic field sensor having the same constitution 
as Example 1 except that a single crystal having formula of 
Y3Fe50i2 is used for the Faraday rotator is produced, and is taken 
as Comparative Example 1 . 
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Comparative Example 2 

A photo magnetic field sensor having the same constitution 
as Example 1 except that a Faraday glass is used for the Faraday- 
rotator is produced, and is taken as Comparative Example 2. 

Comparative Example 3 

A photo magnetic field sensor having the same constitution 
as Example 1 except that a single crystal having formula of 
BiiaGeOao is used for the Faraday rotator is produced, and is 
taken as Comparative Example 3. 

The characteristics of the photo magnetic field sensors of 
Examples 1 to 3 and Comparative Examples of 1 to 3 produced as 
described above are evaluated as follows . 

First, the Verdet constants of the Faraday rotators of 
Examples 1 to 3 and Comparative Examples 1 to 3 are measured. 
While a magnetic field (H) with 1 KOe is applied to a Faraday 
rotator having a length (t) of 1 mm, a laser beam in a 
wavelength range of about 400 nm to about 580 nm is irradiated 
to the Faraday rotator by a lamp-coat spectroscopic device. The 
magnetic field is applied substantially parallel to the laser 
beam, and the Faraday rotational angle (9) of the exited light 
is measured. The Verdet constant is determined by substituting 
the Faraday rotational angle (0) for (9) in an equation of V = 
G/(t X H) . Table 1 shows the results. 

Then, the magnetic field variation for the photo magnetic 
field sensors of Examples 1 to 3 and Comparative Examples 1 to 3 
is measured. First, an impeller having a magnet disposed on the 
top thereof is set on the side of the Faraday rotator of each 
photo magnetic field sensor. The magnetic field is varied by 
rotating the impeller with a motor. Fig. 4 shows the variation 
of the magnetic field. Moreover, a laser beam is irradiated to 
each photo magnetic field sensor by means of an He-Ne laser 
(wavelength of about 633 nm) . Then, the change of the quantity 
of a light exited from the Faraday rotator, caused by the 
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variation of the magnetic field, is measured with a 
photodetector . Figs. 5 to 1 0 show the changes of the light 
quantities for Examples 1 to 3 and Comparative Examples 1 to 3, 
respectively. 
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ive 
Example 
3 


400 


0.035 




0.018 




0.017 


0.026 


405 


0.033 




0.016 




0.016 


0.023 


41 0 


0.032 




0.032 




0.015 


0.022 


420 


0.030 




0.031 




0.014 


0.021 


525 


0.022 


0.025 


0.027 




0.01 1 


0.016 


575 


0.018 


0. 021 


0.023 




0. 009 


0.013 


633 


0.010 


0.0012 


0.014 




0.005 


0,007 


680 


0.008 


0 . 009 


0.010 




0 . 004 


0 .006 



As shown in Table 1 , the photo magnetic field sensors of 
Examples 1 to 3 have a high Verdet constant in a visible light 
region of about 525 nm to about 680 nm. Especially, the Verdet 
constants of Examples 2 and 3 are high in which Tb sites of the 
TAG single crystals are substituted by Ce or Pr. Moreover, it 
is seen that the photo magnetic field sensors of Examples 1 and 
3 can sufficiently function in a visible light region of about 
400 nm to 500 nm. On the other hand, with the photo magnetic 
field sensor of Comparative Example 1 , the Faraday rotational 
angle can not be measured, since the irradiated light in a 
wavelength range of about 400 nm to about 650 nm is absorbed in 
the YIG single crystal. Moreover, for the photo magnetic field 
sensor of Comparative Example 2, the Verdet constant is about a 
half of that obtained with the photo magnetic field sensor of 
Example 1 . The Verdet constant of the photo magnetic field 
sensor of Comparative Example 3 is only about 70% of that for 
Example 1 . 
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disclosed in each of the different preferred embodiments is 
included in the technical scope of the present invention. 



19 



